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In recent years, there has bc*on an incrcasinc; concern wit)-* 
the iicplcmcntation cf land use and resource iranagcnicnt plans at 
various gcr»/tu:rmental levels. These plans are critically dependent 
on rapid and synoptic acquisition of inve^itory and classification 
.data. Karate sensing techniques v.dth aircraft or satellite irauntod 
sensor". appe£ir to offer the best roans of obtaining these data. 
Preliminary resxilts of EOTS-I experiments have demonstrated the abil- 
ity to classify agricultural crops by spectral reflectance signatures. 
However, temporal signatures are found to bo equally important in f_he 
identification process. Ihus, the spectral signature of each crop 
must be calibrated for differing environments and for discrimination 
fran differing backgrounds. 

Ihis projexrt was designed to calibrate the spectral reflectance 
signatures of the principles crops of Centred Arkansas (cotton, soy- 
beans , rice) . Data was collected by conducting ground based re- 
flectance signatures at well controlled test sites. However, data 
colJectod is primarily for soybeans and additional measuranents eire 
essential to the acquisition of significant results. 
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'jr.o pri.'inry objective of this project vras to address the probleni 
of inventory and yield estiration of the principal crops groATi in cen- 
tral Arkansas (soybeans, cotton, and rice). This objective was to be 
realized by obtaining well calibrated ground ireasureraents of the spec- 
tral reflectance of the principal crops of central Arkansas. A secord- 
cxry objective was to analyze sequential EPTS-I linages of the same or 
similar crop acreages (selection to be oorpatible with ERTS resolution) . 

Specific objectives of the research program were as follows: 

A. To obtain spectral reflectance ireasurements in four 
ERTS- 1 MSS bands throughout tJie growling season for 
controlled plots of cotton, soybeans, and alfalfa at 
the University of Arkansas at Pine Bluff Agricultural 
Test Sites. In addition, ireasur agents were to be 
taken in tlie iirmediate vicinity of the test sites of 
both these crops and rice under nonral field conditions. 

• 

B. An aircraft flight by one of the instrumented IlASA/dSC 
aircraft was to be requested over the region during the 
conduction of th.e ground measuraTent program. Tne data 
acquired by this flight w’ould have a resolution compat- 
ible with the test plot size and would permit direct ex- 
tension control from the controlled sites to normal 
fields in the iimediate vicinity. 

C. Data acquired was to be used to develop spectral and tem- 
poral signatures for tha major crops in the region (soy- 
beans, cotton, rice and alfalfa). These signatures would 
be used to interpret ERTS-I imagery obtainoc during the 
grevinq season throvgh.'Tut central and eastem /rkansas. 

The prinicpal objectives of the interpretation wore to 
be on discrimination, identification, *Tvd acreage esti- 
mation. A secondary objective would include correlation 
of the calibration signatures witli resulting data to 
estimate the productivity of identifiable blocks. 
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'iho prunary apparatus conponents v;ere a UTTS Ground Truth Radio- 
motor Kodol 100 manufactured by E:-:ottxdi, Incorporated and a 4 ft. x 8 
ft. >: 0.063 in. Reflectance Panel. 

Tlie f*'odel 100 Radicmeter is specially designed to supply an 
ETd'S experimenter with cither airborne or manually obtained Groiand 
Truth data vhich matches spatially and spectrally the ERT3 Multi 
Spectral Scemner (MSS) data. The instrument utilizes the four Spectreil 
filters anployed in the Space Craft System to i^rovide four simultaneous 
channels of accurately calibrated radiauetric data of both down well- 
ing (incident) and reflected radiation - manufacturers description. The 
specrtral bards are four channels reproducing the ERTS MSS band passes 
(0.5 to 0.6 microns; 0.6 to 0.7 microns; 0.7 to 0.8 microns; and 0.8 to 
1.1 microns). Glass absorption filters are used to correct the silicon 
detectors to simulate the ERTS fhotcmultiplicr response curves. Thin 
film filters are added to reproduce the ERTS band passes. 

The Reflectance Peinel was designed so that the conplete 2tT steradian 
radiometer field of vie,v for measuring dcwnp.>elling (incident radiation) of 
tlio radiomstcr uras totally spanned from a projection lieight of 10 ft. 

It v;as adjudged that this projection height was adequate to provide a 
plant canopy of sufficient niagnitude to obtain spectral reflectance 
sigiiatures characteristic of the plant specimen alone. A tripod camera 
mounting was affixed horizontally to the apex of the 10 ft. ladder to . 
provide a stable mounting for tlie radiemeter (also, used for camera 
r.cu;-.ting) to facilitate position orientation. 
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f-c jrirar^’ test sites v.v.re chosen, or<^- for each of tlip najor 
Cl or;-; ei ...tcirest (cottoii, soybe-ans, rice clra3 Co) . Tnc r:oy;>:.'n 
tost sites vA.'ro located at the UA-P3 Agriculture liqx:'rirental rtircnstra- 
tion Far.a. -Tne cotton and rice test sites were located in areas east of 
the city of Pine Bluff v.’ithin a distance of eight (8) irdles of ti;e UA-PB 


carious . 

Tne cotton and rice field test sites were hotogeneous ; (i.e. uni- 
form fertilization, and treatmeiits; . Consequently, design configurations 
for the:se crops were of the type characteristic of Arkansas farm lands. 

For tlie soybean test site a Latin Square design, as related to 
fertilization treatment, was utilized. 

Lhe radionetric measuronents for soybe£ins were taken at fort^' dif- 
ferent staked sites. Tiicse measurenents v.’ere taken over a time period 
fron June 12, 1975 to July 22, 1975. Also, readings were taken in the 
surnjor of 1974. Pictures were taken of plcint canopies at staJie locations 
vdiich correspond to the radionetcr measurements. Plant heights during 
the periods that data was .collected ranged frem 15 cm to 98 cm. 

To facilitate the cenparison of data acquired with other studies, 
dimensionless variables were utilized, i.e., all radiometric measure- 
ments refer to the ratio of the magnitude of the reflectance signature 
of the plant canopy to that of the Reflecta:ice Panel. A typical data 
sheet utilized for recording pertinent v£iriable is found in ;^pendix I. 
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readily a’^'prjrcnt, as initial raaioretric ruadinqs v.x 2 ro 
ta*:cn, that cho rcse.arch objectives v-ould be very difficult to real- 
ico uti.i:cinq the restricted resources and inejcperienced personnel 
c.vailal^lc. /Vlditicnally, several variables v-tiich had not been antici- 
rtitcd in the research design pre/ed to be doninant factors. Incleaont 
weatTicr vas a major deterrent to the acq-jisition of data on a periodic 
schedule. High density cloudiness before and eifter a rain interlude 
coupled v.ith muddy field conditions precipitated logistic and instru- 
nventation problems ^hich prevailed. 

Tlie test sites chosen for cotton a.nd rice, presented data acquisi- 
tion problems which were not anticipated and \^hich the investigators 
could not resolve. Primarily the location of the test sites relative to 
tha base of ‘operations presented a logistic problem which ‘ inliibitod the 
collection of data in an organized and scheduled manner. Consequently, 
because of time restraints, data collection was restricted to soybeans. 

A sunirary of the data collected during the peak soybean grcr.ving 
period; the months of June and July, 1975; appears in Table I. Each 
datum point represents an arithmetic tire average of all readings taken 
at the particular site location. The heights of the soybean plants under 
dri' conditions ranged fron 15 cm to S3 an. 

Since it was observed that several uncontrollable variables (cloudi- 
ness, wind, etc.) influenced the radiometric readings, dirrensionlcss 
Vcuriablcs were utilized throughout. 
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Site 

I/5C ’.tions 

Qnannel 
I.'urrixsr I 

Channel 
NuTtber II 

Channel 
Niirher III 

I 

0.10 

0.03 

0.41 

II 

0.08 

0.08 

0.35 

III 

0.11 

0.08 

0.35 

IV 

0.07 

0.04 

0.44 

« 

V 

0.08 • 

0.06 

• 0.46 

VI 

0.06 

0.08 

0.38 

i 

VII 

0.08 

0.06 

0.41 

VIII 

0.04 

0.04 

0.49 

IX 

0.05 

0.05 

0.48 

X 

0.08 

0.07 

. 0.38 

XI 

0.08 

0.08 

0.40 

•XII 

0.10 

0.07 

0.41 

XIII 

0.05 

0.06 

0.38 

XIV 

0.07 

0.06 

0.38 

XV 

0.06 

0.09 

0.37 

XVI' 

O.CO 

- 0.05 - ' - . 

-- . 0.48 ~ 

XVII 

0 . 0 ^‘ 

0.10 

0.50 

XVIII 

0.08 

0.09 

0.39 

XIX 

0.08 

0.08 

0.46 

XX 

0.03 

0.07 

0.46 

XXI 

0.07 

0.04 

0.51 

XXII 

0.06 

0.04 

• 

0.41 

XXIII 

0.08 

0.11 

0.45 


Cnn-ir 

f 

0.51 

0.42 

0.66 

0.64 

0.67 

0.46 

0.50 

0.57 

0.68 

0.47 

0.54 

0.50 

0.52 

0.71 

0.58 

0.59 

0.67 

0.68 

0.98 

0.57 

0.66 

0 . 5 C 

0.60 


'.o'.r-j 

1 

0.06 
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0.04 

0.42 

0.71 


0.08 


0.06 

0.49 

0.74 

XXVI 

0.06 


0.06 

0.52 

0.57 

XXVII 

0.05 


0.04 

0.35 

0.52 

XXVIII 

0.07 


0.04 

0.33 

0.50 

XXIX 

• 0.06 


0.06 

. 0.46 

O.G'^ 

XXX 

0.07 


0.06 

0.^2 

0.55 

XXXI 

0.07 


0.14 

0.34 

0.57 

XXXII . 

0.08 


0.07 

0.29 

0.44 

XXXIII 

0.07 


0.04 

0.42 

0.56 

XXXIV 

0.05 


0.05 

0.44 

0.44 

XXXV 

0.10 


0.08 

0.47 

0.65 

XXXVI 

0.05 


0.05 

0.43 

0.57 

XXXVII 

0.04 

• 

0.05 

0.39 

0.51 

xxxvrii 

0.06 


0.05 

0.36 

0.53 

XXXIX 

0.06 

• 

0.06 

0.43 

0.51 

xxxx 

0.10 


0.09 

0.41 

0.60 

Channel 
Number I 


Channel 

Number 

Channel 

II Number 

III 

Channel 
Number IV 

(0.5-0. 6 

microns) 

"(0. 6-0.7 

iTiicrons) _ _ (0.7-0. C 

microns) 

(0. 8-1.1 mic 


f c>} lo-.-.’i r.'j rc:sul tr. : 


Ram3 Tir»j 


I 

0.04 - 

0.11 

0.07 

11 

0.04 - 

0.14 

0.06 

III 

0.29 - 

0.52 

0.42 

IV 

0.42 - 

0.98 

0.58 


V.hile those quantitative featinres give sane indication of the re- 
flectance signatures of soybeans at specified test sites, it v^ould be 
hazardous to extrapolate those results to other sites over a wide area. 
Hovk’ever, relative signature values for the four LRTS -I MiSS bands should 
be valid within acceptable experimental error standards. 

Although there are inherent experimental difficulties associated 
witii the accjuisition of Ground Truth data, it appears reasonable that 
tlie dimensionless variable approach to the problem provides a logical 
and less cumberseme experimental technique. 
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Field riot I'.’o. 

Crop 

Weather Cond. 

Filj n 

Roll 

Number 

! Film Speed 


Date 

Time_ 

POV__ 

Film__ 

Roll 

Number 

Film Speed (ASA) 


F-Number 

Shutter 

Camera Setting 

■ TARGET 


F-Number 

Shutter 

Camera Setting- 

CALIBR.^TICX P7a>JEL 
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CC: P 
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iriE r.b:;: 

. .. b:;:.-. .r 
i Iciii.-j r.'ji trials 

Ca:\; V.-} 


6/13/74 

6/11/74 

:: f l . r— " 
(v-oic i-:- • 0 

V jA> .mo 

C/j. j./ / 

6/1] /74 

/!' X >: 0,.0C>6" 

7d-;v.!.r;rci Sh' r.i. 

(Pli:j Bluff 'i'ruijrr 
Mfg. Co.) 

$.13.00 

5/30/74 

5/30/74 

Minolta Ca?>v-'ra 
(M'-g.ic I-'.ai't) 

$259.00 

5/28/74 

5/30/74 

Tripo.l Cav.ora 
FiOuriLin^ 
(Magic Mart) 

$16.97 

5/28/74 

5/30/74 

■ 2 Four Post 'Iracii-'.g 
Ta):;lc:s 

(CuiaD-CS ErunJ-nj Co.) 

$350.00 

5/3/74 

10/16/74 

Ra'.li e.rater 
(E>:oteoh Inc.) 

$2,600.00 

• 

5/6/74 

10/20/74 


EQ-JIPMI3NT BOI 

• 

l^C'/.T'D (Lyndon D. 
center) 

Johnson Space 

ITT2-1 

DATE ItdCCnTD 

DATE BL'rtPMED 

Radians ter 

1/2/1 A 


11/19/74 

hhiito Reflectance 
Panel 

7/2/74 


11/19/74 


No inventions or patients have been obtained as a result of this project. 
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